Optical parametric process occurring in a photonic-band-gap planar waveguide is studied from the point of view of nonclassical-light generation. Nonlinearly interacting optical fields are described by the generalized superposition of coherent signals and noise using the method of quantum linear corrections to a classical strong 'mean-field' solution. Scattered back-propagating fields are taken into account. The possibility to generate squeezed light and light with sub-Poissonian statistics in dependence on the strength of scattering, strength of nonlinear interaction, linear and nonlinear phase mismatches as well as characteristics of the states of optical fields incident on the waveguide is discussed in detail.
DESCRIPTION OF OPTICAL-FIELD INTERACTIONS IN THE WAVEGUIDE
Properties of nonlinear photonic band-gap structures including waveguides has been investigated recently. '5 High efficiencies of nonlinear processes occurring in such structures are caused by high densities of local optical modes, spatial localization of optical modes in confined regions of the structure, and convenient fulfilling of phase-matching conditions of a given nonlinear process. These structures are promising as sources of light with nonclassical properties (squeezed light, sub-Poissonian light) in near future. They can be made very short ( typically tens of m) and so they are prospective for microoptoelectronics. As an example, the process of second-harmonic-generation in a planar nonlinear waveguide with a corrugation on the top of the waveguide was used to control squeezing of the fundamental field. 6 In this contribution, we study a nonlinear planar photonic-band-gap waveguide fabricated in such a way that a strong optical parametric process occurs inside. The corrugation of the waveguide is suitably selected in order to longitudinally confine signal and idler modes; a weak longitudinal confinement of the pump field is assumed. Phase matching for the parametric process is achieved owing to the grating and modal dispersion of the guided wave geometry.
An optical field inside the waveguide is composed of six significant modes: signal forward-propagating mode (with amplitude ASF), signal backward-propagating mode (ASB )' idler forward-propagating mode (AiF), idler backward-propagating mode (AjB ) pump forward-propagating mode (APF), and finally pump backwardpropagating mode (APB). The overall optical field fulfills the Maxwell equations with nonlinear polarization. After making a slowly-varying envelope approximation in spatial domain we arrive at the following set of nonlinear equations for field amplitudes7: AmAm+6Am; (2) mean amplitudes Am obey the classical equations given in Eq. (1), whereas the evolution of small operator corrections 8Am 5 governed by the set of the corresponding linear operator equations. Solution of both sets of equations has to be found with respect to the boundary conditions imposed both at the beginning and at the end of the waveguide. Details can be found in. 7 
SQUEEZING OF OPTICAL FIELDS
Maximum amount of available squeezing measured under a suitably chosen value of the local-oscillator phase in homodyne-measurement scheme is characterized by principal squeeze variance ,\•8
A strong incident forward-propagating pump field and also nonzero (weaker) incident signal and idler forwardpropagating fields are assumed in our investigations. In general, squeezed light cannot be generated in single modes. However, compound modes composed of two single modes can provide squeezed light. To be more specific, compound modes (SF,iF), (SB, tB), and (SF, IB) can serve as a source of squeezed light under suitably chosen values of the waveguide parameters. We note that properties of optical fields evident from the symmetry of the waveguide will not be mentioned throughout the following discussion.
We analyze the behaviour of the waveguide around the point characterizing a real structure and given by L = 2 mm (length of the waveguide), K8 = K = 5 mm1 , KF = KB = 5 x iO mm1 mV' , and APF = iO Vm'.
The modes (SF, iF) and (SB, iB) are squeezed for any length L of the structure; squeezing around 20 % can be reached. Maximum value of squeezing is reached for values of length L around 0.5 mm. Squeezing in mode (SF, iB) can also occur as a consequence of 'scattering of the already generated squeezed light' between forwardand backward-propagating fields. Increasing values of length L we can see stabilization of the behaviour typical for interactions containing both forward-and backward-propagating fields. 9 The origin of nonclassical properties of outgoing fields lies in nonlinear three-mode interaction as is evident from a monotonous decrease of values of principal squeeze variances A as values of nonlinear coefficients KF and KB and incident pump-pulse amplitudes APF increase (see Fig. la) .
Scattering of forward-propagating fields in the photonic-band-gap waveguide leads to a linear coupling be- 
LIGHT WITH SUB-POISSONIAN STATISTICS
When characterizing statistical properties9'2 of detected photoelectrons, Fano factor F defined as
is a useful quantity. In Eq. (3) symbol n denotes the number of photoelectrons, Ln = n -(n), W means integrated intensity, and LW = W -(W)g. A classical field fulfills F 1 whereas the condition F < 1 is only obeyed by nonclassical fields (sub-Poissonian light). Such fields have fluctuations in the number of photoelectrons suppressed below the classical limit (F = 1 for a coherent state of laser radiation).
The waveguide is assumed to be pumped by a strong forward-propagating pump field. The signal and idler fields are assumed to have intensities at single-photon level and are described only by nonzero values of linear operator-amplitude corrections 6A.
Sub-Poissonian light can be observed only in compound modes (SF , iF), (SF , B), and (SB , B). Moreover, sub-Poissonian-light generation requires nonzero values of the incident weak forward-propagating signal and idler fields; even fields having less than one photon on average are sufficient (see Fig. 2 ). Light with values of Fano factor F around 0.8 can be generated in mode (SF, iF). Linear scattering of signal and idler fields is responsible for sub-Poissonian statistics in modes (SF, iB) and (SB, iB). This is remarkable especially for mode (SB , iB) being in the vacuum state at the input. It holds that the larger the incident signal-and idler-field amplitudes, the smaller the values of Fano factor F . We note that an efficient generation of sub-Poissonian light requires a suitable choice of phases of the forward-propagating fields. Also sub-Poissonian statistics of light in modes (SF, iF) and (SF, iB) occur only for shorter waveguides, whereas longer waveguides are convenient for the occurrence of sub-Poissonian statistics in mode (SB, iB). The possibility to reach smaller values of Fano factor F is connected with the use of greater values of the pump-field amplitude APF. The role of linear and nonlinear phase mismatches can be understood claiming that they effectively weaken the strengths of the corresponding interactions. As a consequence, e.g. , sub-Poissonian light cannot be generated for greater values of SF and öB at all.
Generation of sub-Poissonian light suffers from the presence of incident noise. Nevertheless the nonlinear waveguide can serve for the suppression of incident noise. This effect has its origin in sensitivity of the nonlinear process to the phase of an incident light. To be more specific, the amplification coefficient of the incident light depends on its initial phase. If the central phase of the incident field (corresponding to a coherent signal amplitude) has the strongest amplification then the noisy part (with phases blurred around the central value) is less amplified on average and as a result signal-to-noise ratio increases. This effect is demonstrated in Fig. 3. 
CONCLUSIONS
Three-mode optical interaction in a nonlinear planar photonic-band-gap waveguide with backward-propagating optical fields has been analyzed. In general, squeezed light and light with sub-Poissonian photon-number statistics can be generated only in compound modes containing a) signal and idler forward-propagating fields, b) signal (idler) forward-propagating field and idler (signal) backward-propagating field, and c) signal and idler backwardpropagating fields. The role of parameters characterizing the waveguide in nonclassical-light generation has been elucidated. It has been shown that the waveguide can also be used for the suppression of incident noise.
